INTRODUCTION

The infrared thermal mappers (IRTM's) on the
[1978]. A 5% gain drift was observed in both IRTM's during the mission, and appropriate corrections were made when spectral ratios and differences were analyzed. Spectral differences. An attempt was made to derive a thermal inertia for Deimos by comparing radiances from differep* •pectral bands; the result is shown in Figure 9 . The technique is based on the fact that a whole-disk measurement of a satellite integrates flux from many latitudes and times of day; observations at different wavelengths thus yield different radiances due to the nonlinearity of the Planck function with wavelength and temperature. The ratio of these radiances is dependent on viewing geometry, thermal inertia, and emissivity of the surface. Because emissivity variation with wavelength also changes the radiance ratios, it was necessary to select wavelength bands for which this effect was minimized. As explained below, it appears that relative emissivity effects are minimal between wavelengths of 9 and 11 tam; thus these channels were employed in the analysis. Emissivity variations between 20 and 11 tam will be discussed in more detail below.
Because the dependence on thermal inertia of the 9-to 11-tam radiance ratio is quite strong, it was necessary in the case of the whole-disk observations to select observations for which the satellite filled a significant fraction of, and was centered in, the detector field of view without overfilling it. This ensured a high signal-to-noise ratio, minimal errors in the radiances, and accurate modeling of the viewing geometry. Only observations with accompanying VIS images could be verified in this manner. One observation of Deimos by Viking 2 satisfied the criteria; no observations of Phobos were satisfactory for this analysis.
The thermal inertia values derived in Figure 9 , plotted for emissivities (assumed constant with wavelength) of 1.0 and 0.9, are no lower than 1.8. Based on the radiometric phase curve, any inertias much greater than ---2.0 are ruled out. The inertias derived in Figure 9 are suspect because of the high sensitivity of the 9-to 11-tam brightness ratio to factors such as emissivity variations, geometry errors, and calibration errors. Removing a small (•5%) gain correction to the data, for example, has the effect of decreasing the derived inertia by 20%. Hence we believe that the spectral ratio plot is not useful for fixing precise inertia values. However, the analysis does suggest that surface emissivities much less than 1.0, which yield inertias much higher than found in the phase curve data, can be ruled out for Deimos.
$patially Resolved Observations
The resolved data are of greater value for determining the thermal inertia because (1) the signal-to-noise ratio is quite high for a filled field of view, and (2) simultaneous VIS pictures provide accurate position information. For the Phobos data the latitude and longitude of features on the VIS pictures could be identified to within -+20 ø using coordinate grids prepared by T. Duxbury (personal communication,  1981) . It is thus possible to derive the thermal inertia from individual temperature measurements of regions on the satellite. No comparable coordinate grids have been prepared for Deimos. The surface temperature is most sensitive to inertia, and least sensitive to other effects such as surface slopes or albedo, just before dawn [Kieffer et al., 1977] . Several predawn regions on Phobos were viewed by the IRTM; none were viewed on Deimos. Figure 10 shows the result of several predawn temperature measurements; both 11-and 20-tam brightness temperatures are given on the figure. The 7-and 9-tam channels have large uncertainties at the low predawn temperatures and hence were not analyzed. The wavelength dependence of the brightness temperature observed is likely to be due to the presence of different temperature materials on the surface and/or emissivity variations; these effects will be discussed further below. The observed temperatures were compared with temperatures calculated for various thermal inertias at the appropriate latitude and time of day using the thermal models described above. The rev 249 observation, made at 55øN, is subject to large model temperature uncertainties governed by the lati- (eclipse) •-0.5 cm for both satellites. Since both the eclipse and diurnal data can be fitted with simple single-layer models, the dust layer must be uniform over a depth range of several eclipse and thermal skin depths, i.e., ---1-3 cm for Phobos and 1-6 cm for Deimos. The data are not sensitive to thermal properties below the several centimeter level, so the total depth of the dust layer is not constrained, although VIS data suggests a regolith thickness of order 100 m for Phobos and 10-100 m for Deimos [Veverka and Thomas, 1979] . Table 1 summarizes inertia values derived by the various techniques described above.
SURFACE SPECTRAL PROPERTIES
In addition to the determination of averaged surface thermal inertias, the spectral characteristics of the satellite surfaces were analyzed. Since the satellite surfaces are not true blackbodies, different temperatures are derived from simultaneous measurements in each IRTM wavelength •"'*" It is possible, by examining the trend of brightness temperature differences as a function of time of day, to identify the major causes of the spectral contrasts on Phobos and Deimos, and hence understand the nature of their surfaces. Christensen [this issue] modeled the effects of various surface configurations on the observed spectral contrasts on Mars. He found that high-inertia materials, in the form of 10-cm or larger blocks, produce maximum spectral contrasts predawn and near noon, declining to near zero at 0700 and 1700 local time. Slope effects are small unless extreme, •>30 ø east-west facing slopes are present, with maximum effects near 0700 and 1700 and minimum near noon and predawn. Albedo variations produce maximum contrast at 1300 hours, decreasing thereafter until dawn. Spectral contrasts due to nonunit emissivity or emissivity variation with wavelength are proportional to temperature and will therefore be lowest before dawn and peak around noon.
Diurnal spectral modeling of individual areas was not attempted because of the rough topography, which affects the temperatures as well as the lack of good diurnal coverage at ariy given latitude. Rather, the trend of the data was examined to isolate the major effects. The small areal coverage of the IRTM field of view means that spectral contrasts due purely to longitudinal temperature variations on a homogeneous sphere are less than 4 K. For Phobos, T•-T2o (11-/xm brightness temperature minus 20-/am brightness temperature) is maximum after dawn, decreasing toward noon (Figure 12 Thus on Phobos, surface slopes and patches of high-inertia material appear to be the predominant causes of spectral contrasts. Emissivity and albedo variations may be secondary causes. It is difficult to separate the emissivity effect from others producing the spectral contrasts, but based on the discussion in the previous paragraph, the data of Figure  12 place a range 1.0 > e20/e• > 0.9. Good geometry information for the IRTM observation of Deimos during the Viking 2 close approach of the satellite does not exist. However, the evening terminator direction can be identified, and the trend is toward increasing T•-T2o values as the evening terminator is approached. This suggests that surface slopes may be a predominant cause of the spectral contrasts on Deimos. Although T•-T2o is greater than 5 ø in the early afternoon region, T9-T• is about 1 ø or less, suggesting that while the emissivity may be varying with wavelength, this effect is minimal for the 9-to 11-/xm band spectral ratio analysis shown in Figure 9 . The lack of predawn and postsunset temperature data makes it difficult to constrain the presence of high-inertia material on Dei- tent with the limit of 10% set by Gatley et al. [ 1974] , although the present data show that the areal fraction of blocky material appears to be decidedly nonzero.
CONCLUSIONS
The surface layer of Phobos is predominantly composed of low inertia (I = 1) material, with perhaps 5% by area blocky or high inertia material. Surface topographic slopes, possibly as steep as 30 ø , strongly influence the surface thermal response. Deimos also possesses a low-inertia surface with strong topographic slope effects; however, the extent or even existence of high-inertia material on its surface cannot be assessed. The presence of a regolith on the satellites has also been deduced from VIS data [Veverka and Thomas, 1979] The limited asteroid data suggest that Phobos and Deimos may be near the size limit for objects to retain a significant fine particulate surface layer. However, the environment around Phobos and Deimos is sufficiently different from that of an asteroid that the mechanisms for regolith formation and loss may be different. Recapture of escaped material may be more important for the Martian satellites than for comparibly sized asteroids, for example. Future detailed work on the nature of the asteroida! and Martian satellite regolith is needed before such problems can be addressed.
